Extension of the Complex Torque Coefficient Method for Synchronous Generators to Auxiliary Devices in Electrical Networks. by Kawkabani, B.
!"t$%s'(% (* t+$ ,(-./$" 0(r23$ ,($**'c'$%t 5$t+(6 *(r 78%c+r(%(3s 9$%$rat(rs t( A3"'/'ar8 <$='c$s '% 
!/$ctr'ca/ >$t?(r@s  AB Ca?@aba%' 
 
 
!E! FGGH I 9raJ  EB
  
H 
E"tension of the Comple" Torque Coefficient 5ethod for Synchronous  
9enerators to Au"iliary Devices in Electrical >etworks 
<rB AB Ca?@aba%' 
7KL77 M!<!NAO L>70L0P0! QM 0!,R>QOQ9S 
 !/$ctr'ca/ !%T'%$$r'%T <$.art-$%tU Oab(rat(r8 (* !/$ctr(-$c+a%'cs a%6 !/$ctr'ca/ 5ac+'%$s  
!O9 !c3b/$%s 
Oa3sa%%$U 7?'tJ$r/a%6  
0$/V WHFHXYZ[FY\GU *a"V WHFHXYZ[FY\] 
Aas'/$B@a?@aba%'^$.*/Bc+ 
Aeywords 
9$%$rat(r $"c'tat'(% s8st$-sU 6$='c$sU c(%tr(/U s'-3/at'(%U $/$ctr'ca/ -ac+'%$sB 
Abstract 
0+$ a'- (* t+$ .r(.(s$6 .a.$r 's t( $"t$%6 t+$ ?$// @%(?% c(-./$" t(r23$ c($**'c'$%t -$t+(6 *(r 
s8%c+r(%(3s -ac+'%$ r(t(r (sc'//at'(%sU t( a3"'/'ar8 6$='c$s _=(/taT$ r$T3/at(rsU .(?$r s8st$- 
stab'/'J$rs _E77`U a` '% $/$ctr'ca/ %$t?(r@sB 0( '//3strat$ t+$ $**$ct'=$%$ss (* t+$ .r(.(s$6 $"t$%s'(%U 
t+$ st368 's .$r*(r-$6 (% a -(6$/ .(?$r s8st$-B N$s3/ts (bta'%$6 b8 t+'s -$t+(6 ar$ c(-.ar$6 ?'t+ 
t+(s$ T'=$%U '% t+$ (%$ +a%6U b8 a% $'T$%=a/3$ a%a/8s'sU a%6 '% t+$ (t+$r +a%6 b8 %3-$r'ca/ 
s'-3/tat'(%sB 
Introduction 
0+$ c(%c$.t (* a c(-./$" t(r23$ c($**'c'$%t -$t+(6 *(r s8%c+r(%(3s -ac+'%$ r(t(r (sc'//at'(%s 's 
?$// @%(?% a%6 +as b$$% 3s$6 '% t+$ t$c+%'ca/ /'t$rat3r$ '% t+$ $ar/8 HZ[GbsB 0+'s c(%c$.t +as b$$% 
T$%$ra/'J$6 t( t+$ t(rs'(%a/ '%t$ract'(% cHUFd (* t+$ s8%c+r(%(3s -ac+'%$ b8 '%c/36'%T $/$ctr'ca/ a%6 
-$c+a%'ca/ s8st$-sB 0+$ a'- (* t+'s st368 's t( a../8 a%6 $"t$%6 t+'s -$t+(6 t( (t+$r 6$='c$s '% 
$/$ctr'ca/ %$t?(r@sU .art'c3/ar/8 '% t+$ .r$s$%t .a.$r t( =(/taT$ r$T3/at(rs a%6 .(?$r s8st$- 
stab'/'J$rsB L% t+$ $".r$ss'(%s (* t+$ c(-./$" t(r23$ c($**'c'$%t (bta'%$6 '% t+$s$ cas$sU a 6$c(3./'%T 
b$t?$$% t+$ $**$ct 63$ t( t+$ $/$ctr'ca/ s8st$- (* t+$ -ac+'%$U a%6 t+$ (%$ 63$ t( t+$ a3"'/'ar8 6$='c$ 
+as b$$% r$a/'J$6U '% (r6$r t( s+(? s$.arat$/8 t+$ 6a-.'%T _(r 3%6a-.'%T` $**$ct 63$ t( t+$ a3"'/'ar8 
6$='c$B 
Theoretical study  
 Comple" torque coefficient method 
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Case 1F Study of the effect of variation of the gain of the voltage regulators 
on the stability of the power plant 
Comple" torque coefficient method 
a) System without voltage regulators and without PSS (number of machines J K) 
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b) System with voltage regulators and without PSS (number of machines J K) 
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Eigenvalue analysis 
a) System without PSS (number of machines J 1, M or K) 
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>umerical simulations 
a) System with voltage regulators and without PSS (number of machines J K) 
0+$ s8st$- b$+a='(r +as b$$% s'-3/at$6 3s'%T t+$ -(63/ar s(*t?ar$ .ac@aT$ 7L57!> c[dB M'T3r$s 
HG a%6 HH r$.r$s$%t r$s.$ct'=$/8 t+$ =ar'at'(% (* t+$ act'=$ .(?$r (* t+$ /(a6 ,H a%6 t+$ '%t$r%a/ 
a%T/$ (* t+$ T$%$rat(rs *(r t+r$$ =a/3$s (* t+$ Ta'% @ (* t+$ =(taT$ r$T3/at(rs _@ i HGG l HF] l FGG`B 
Q%$ ca% %(t'c$ t+at t+$ r$s3/ts (bta'%$6 b8 t+$ t+r$$ a..r(ac+$s ar$ '% =$r8 T((6 aTr$$-$%tB 
 
 
 
M'T HGV  Act'=$ .(?$r (* t+$ =ar'ab/$ /(a6 ,HB 
 
!"t$%s'(% (* t+$ ,(-./$" 0(r23$ ,($**'c'$%t 5$t+(6 *(r 78%c+r(%(3s 9$%$rat(rs t( A3"'/'ar8 <$='c$s '% 
!/$ctr'ca/ >$t?(r@s  AB Ca?@aba%' 
 
 
!E! FGGH I 9raJ  EB
  
] 
 
 
 
M'T HHV  L%t$r%a/ a%T/$ (* t+$ T$%$rat(rs *(r t+r$$ =a/3$s (* t+$ Ta'% @ (* t+$ =(/taT$ r$T3/at(rs _@ i 
HGGl HF]l FGG` 
 
Case MF Study of the effect of the power system stabilizers on the stability of 
the power plant 
Comple" torque coefficient method 
System with voltage regulators and with PSS (number of machines J K) 
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Eigenvalue analysis 
System with voltage regulators and with PSS (number of machines J K) 
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>umerical simulations 
System with voltage regulators and with  PSS (number of machines J K) 
0+$ Ta'% @ (* t+$ =(/taT$ r$T3/at(rs 's $23a/ t( FGGB M'T3r$ HY s+(?s t+at *(r a Ta'% @nE77 (* t+$ 
.(?$r s8st$- stab'/'J$rs $23a/ t( f t+$ s8st$- b$+a='(r 's stab/$B 
 
 
 
M'T HYV L%t$r%a/ a%T/$ (* t+$ T$%$rat(rs *(r t+r$$ =a/3$s (* t+$ Ta'% @nE77 (* t+$ .(?$r s8st$- 
stab'/'J$rs _@nE77 i Gl Hl f` 
Conclusion 
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Appendi" 
5achine parameters 
Nat$6 act'=$ .(?$rV WGG 5K 
Mr$23$%c8V  fG RJ 
Nat$6 =(/taT$V  FH @j 
 
Poltage regulators parameters 
@ i FGGl 0-s i GBGWl 0H i GBHl 0F i GBGFl  
0[ i Hl  0W i fl  0st i GBGGf 
PSS parameters 
@ nE77i fl 0? i fl 0H i GBHl 0F i GBGFfl  
0[ i GB[[l 0W i GBH\  
 
